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(54) DEVICE USING DIAMOND ULTRAVIOLET 
LIGHT-EMITTING ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable a rebondin 
emitting of free exdton by permitting a phosphor in a 
wave-length region under specific length to absorb an 
ultraviolet ray which is higher than other emitted ligh 
peak intensity by not less than two times and which a 
diamond ultraviolet light-emitting element emits and t 
discharge secondary light whose wavelength Is longer. 

SOLUTION: In a light-emitting element 20, a diamon 
ultraviolet ray-emitting element 10 Is covered by 
wavelength conversion material 21 having a wavelengt 
conversion function converting an ultraviolet ray into 
visible light and it is covered by transparent resin 22 
Then, It Is Integrated with a substrate 25. Diod 
structure whose free exciton reconnecting/emitting peak 
intensity In light emission by the flowing of current is 
larger than other light emission peak intensity by no 
less than two times is made as the diamond ultraviole 
ray-emitting element 10 in the wave-length region of no 
more than 300 nm. which has p-n junction structure wher 
a diamond p-type semiconductor layer and a diamond 
n-type semiconductor layer are installed. The emitte 
ultraviolet ray is absorbed and the secondary light o 



longer wavelength is emitted. 
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ii^ 7f>> s-^p Lit -^r^E >- Fi^s-c'j> m^m 1 

^4><?5*»>SmK*« 1 0 0 P P mOTT* Sff^:^ 3 (=: 
^aiS*«9 0 p p mPJ.TT$) 0 3 O O n mJaT<50^:^*S 

2»ateS:&a}-rs®3K#:i: trmtrc^mw.. 

p p maT(^:fr^ -V^:^ FSa*^<b^$iffi^S^^ftJt 
M I smm^^^ 3 0 0 nmmT<0«[:giS(C*5V^Tm 

A«^-r-&^H^Sr®ltXLT J: Oa^SiO^V^ 2»:3e^JiC 
[i»««7 3 JiiB2»3tt*<nr«3t-C*Sff:Sf^ 1 ^irV^ 

Lit ^3S6 <7) vvT^t*^ 1 mi^zsmco^mm.. 
mmms ] g3(£i*:*^:Y 203 x-i^m^ix^mit^ y 

a5 (P04) 3 (F, CI ) T"ft^$fl.& 'J >'Bl;i';l-i^ 
^Jxmm^iz 3 ffico S b i: 2 fffifDM n i^'tiS LtzM^ 
«c*». (Sr. Mg) 3 (P04) 2Tft^$ilS U i^B? 

h a >^f7M.mm^i^ L < (i U >'^v^:t•i^•^a^^« 
mc:2ffic0SnS:*ft?SL/wS3^5f*:O9*>. ^-^<tt> 
— SiS^ 1 =5:v^Lii^)S7 

i-tim^ 1 ^:v» Lft*^8cov^-r*t*> 1 mizMm<r>^ 
Iff ^js 10 3 ^-^ -v^: >- vm^m^^m'f-i 1 iJtTc 



[ w^iM 11] y^Ar^>'\i m^m^^^ i2<X7t 

13 3 -Ar^: >- H p M^^*HtJ ilXrJ^-^ 

V H nM^WsS^^tt/cp nit-^fflJtSr*-rS 3 
0 0 n maT(OmMmzti\->xn&1^AI'Zj: h^mzn 

[^^3114 3 JbienM^-f-yr^VK^^A^, U 

^asfin i-fz -v^ FfeST-ab h^mm. i 

[ 1 5 3 -hi B P M4^#:r>f -V^: > 

Jtjiif^ji 1 4tciejS<o3t^ci<}ffi?gie^/<s;t^a, 

iSfB4'«^3t^'>^jSDg*5 1 0 0 p p mUlTTft-SiS^ 1 
1 7 1 ^ffl-^^^lc J: '^xnt>tifzm^'¥cr> 

mmsimtfi 9 o p p mmr-cfc 0 3 0 0 n mijiTcois^s 

18 3 r>f >- KteS*»^=5rS4^ft:JB± 

Ic^ffl-^^Slc J; T f£;^$ Hi-zt ^S+cD^^jSi^** 9 

JtM I S«Jt$-qfr^S 3 0 0 n inmT«0««^fc:J3V>T 

a. 

19 3 I' V-XjE^^. 5^ t /i{4®:5 1 L < 
•7^ffiflgSr±lK^)-i: LUm^l 3^rV>Li«^l 8<0 

V ^-TixA* 1 mztm<r)^(:^mmm/^^mm., 
[is««2 0 3 ^^mv^<o9mm(r>^^ifi:7 -y 

mi,zfmco^6mmnmmxw^mm. 
m^m 2 2 3 -v^: >' H p m^wmmx/y^ 
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[ imm 2 4 ] ±mpm^mi^y-i y k^^b**\ 

i^^4>^Ojfv'>S?8Jg*i 1 0 0 P p mOTTftSl!l*fl|2 
m^mmmtfi 9 O p p mJJlTT-*> O 3 O O n mJiJlT«OS[^ 

0 P pinmTtfO:?'-<-\'*VFfeS*>f,:3:Sim»«S:iS<t 
;tM I S1iJtSr*-rS 3 0 0 n mJilTcO^Sl^lctJ V •'T 

fi*3S 2 2 ^rv ^ L|g^ 2 8 iov ^-m*- 1 ^tc:iB»<^ 

•Y^y F nM^#:s&^ft7^:p nm-^mm^^-th 3 

[ 3 2] ±te p S^^ftc^^-f -V^: >- HM^*^ 
5fr'>^5r^nL/S:J^'f V H«^T«>*iS^«3 O * 

[ti^:^ 3 3 ] ±ieJ^'^^asJDr^ vm^nK 

m^fpcOTi-^^ymmmi}^! O O p pmiJlT-C-&Stt*3S3 
0 p p mJ-:l,TT-S> O 3 O O n mJiiTO^^g 



t:»fa-^«:atc J: o T m« $ -li-Jt iSS*<!0g3!iaiJK*s 9 
0 P P miaTOr-f ^^>' F^B^a*'f>^.S.^^Jl^f5{t 
/CM I S:^jt2:Wri. 3 0 0 nmUiTc^^^gJ^tCfeV^T 

[if *^3 6 ] y-i^^ey vmfmmiM'TirW.mm 
mtam^m 3 o ^ru Lit^ 3 5 v ^-m** 1 jsi^ib 

[ i*^^ 3 7] r^^^>-)^p m^i^mniii/y-i 

^^>}^n S^f#c« f-ift{t!t P n«^«Bt 3 
0 O nniJJlTcOS[;^i^i=*5V»TmgiEjiAtcJ: 

[^^3S3 8] ±fanS^-f^^>'h'i^a*^, UV^ 

[ if 3 9] jif e p mpmwy^ ■\'^ >- Hisa*it. 

J^•>*S^^JDL^tr-< -V^>- h'teaTS>Sil^3 7 * 
j^v:«ilff*Ja3 8lcie««^-(t;^^J£^a. 

ieS4»<^;^'^SigJS*5 1 0 0 p p mJJlT-CS>Slt^3 

S^iiJK*^' 9 0 p p mlJtTT'fc 0 3 0 0 n m^^XY^MM: 

a. 

J; o T -tiTTt ^^^'CO^^ajK*^' 9 
0 p p mmror-^^ -V^^ HiSS*><a^(r«.^^$>IS(t 
I SltJtS^qrr^. 3 0 0 r>.m\;Xf<rM3mzii\^X 

mx.fzm^'^3 7^v>Lit*^4 2<ov^-m*n]itie 
[i«^^44] yA^^vvvmpmwmaixfr^ 

-^^ ^ H n S^«sJi ^mtfz P n»^ttJt&^r^& 3 
0 0 nmJaT<oaitftlStc*3V%TmaE^fc:J: «.|SBfc(-tJ 
ft S S *l)^^S^-^?l7^b-- ^ ^Jg*<flijO^ b"- ^' 

3fis J: 0 2 ^Jiu^^ jf- YmMy-i V 
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m^mt^mt:mi'ftip nm-^mm^^^h 3 o o n mj^i 

;^'>^S:gaIIIL^^:S^-f h'jS^T-3i&il^4 4 * 

i^a4'<50;if>m«i;K*5: i o 0 p p mmTTJbS^:B4 
m.m^mifi9 O p pmJaTTj> 0300 nmrnTcJ^arS 

■^fitmizX'}xn'^titzm^'p<ommmmi}<9 0 p p m 
mT-C'j) 0 3 0 o nm&.T<Dm^mi,zii\,'>xmm.mxi,z 

0 P P mlHT(Oir^^=f:>']<m&:f)^h^?>1^m^m^ 
fcM I S«jtSrifr-rS 3 0 0 nmi^XFcommmzti^^X 

^sm^mt . y-cv^y- \'m&i!}^(>^i>^iiim±iz 

^^^mzj:':>xgi^^ittzm^'p<r)m^mmi)<9 0 

M I smm^^-r?> 3 0 0 n mOToa^ftist^ifcv^Tm 

1 if 5 0] r ^ -^-^ > KSIJ'l-^%3te^^ Sr^®<l 
fii-t;tit*«4 4 5rV\Lil*JS4 9<?5l^-riX5&» 1 ^tcte 

[000 1 ] 



mmtm=F<ommizi}-i}^K) . m^m^^^^mmz^^ 
9m?:mm Lfz:tv'>'mm^m.^t'(,zm^& . 

[0002] 

i:LT«. *«»lilS&ie<02<ii:S3tS:fiJfflL/^S7e«r** 

m&mz$>hitxmi/ei!>}m<^is\' -^mm^imm-h^ 

[ o 0 0 3 ] %^mmmy^±mm.xii.. « 
m^h^ff>m^<^2.mi,zmj^ L.xsmmm.-^m.th 
<r>T. mmM^/(Mmsi<^if>^tix^'^i>i>'. msE. 

[0 004] 3KS:fflV^5tlftarJ4, 2 3 0—2 

5 0 n m(7)m!'m<r>^m'ii.mim\'^z ti}^^^tixi5 
mm ■ y^m^j:}z^^nm-h^<r>$)^^'Rimm'r 

{i.roJ: o ^j:Wm\tmm^ix^i3'^A 0 0 nmJJLhcoift;^ 
2:«-rsc:i:*»^>^fflt=:{i:^[6]^-r'*>^, 013 (liiiS 
1«WJ . r m9\-mzX S J Surf aceControl 

&;gt^tigf^, Gim. p. 31—37, 1994) izTf^-txotiM 
m&(om^ii^ms}Mktc^mmt^(>B^hi]^^j:Xo{z. 3 

[0005] MX.X , y^Y^^^mmX'\i. WiMl,zXh 
fj^tm9\-mm^i,zx^:fi^ifi^hifi. St«lcJ:^^r5Et 

\mms.i}^i$^t^j:^^m^m-^. m^msm^z 
iii>:H^\tyim^i^'rifim\^^ixxii*) ^ mm^ ■ 

^<r>hh^mt:m.m-rh-^^t'cr)X.^.^^Lx\^^ . 
[0006] tci^T-, ^"iii^Y^m^^tzm^m^ 
3K3g^fl^3&«. mx.\t^ ( 1 ) ^m^A - 2 4 0 7 8 

4-f-^$g, (2) ^ffl^7-3 0 74 87^^$g, 
( 3 ) !^^^8 -3306 2A^{^m.m\,zSSM^iXX^^ 

[0007] -m^>cOt¥*c7):?'-^ "V^: V 
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^^-f > H m^com-M:com ^ 2 3 5 n m-c-^^t-r s 

C 0 0 0 8 ] iT-f -V* V h'S&^'[-il^3t^^ ■!> m 

[0 0 0 9] iixtcstL. smmmim^^^ii. # 

2 29nmtCffiS-r&**, Hl^lCJi. 235nm. 
24 2nm. 24 9nm. 2 5 7 n m#iStC^^?iX S 7 

m^<Oii^ 2 3 5 nm-Wifi£0J:^-;l'df-^:g-f-^§%3tT- 

[0 0 10] ciix^co^stcg;?^. z(7)iiim(o^mm^ 

[00 11] Mi-tf. *tBraAlwJ:S!|$iB^l 1-7 5 

8 9 5^<7)ni^®5t*iSr±3I-r.&miiTft«.!|tP^l 1 
-1 9 52 3 2-^<7)ajii (KIT. ISlOtiJIifcV^p ) 

D ) ffitc J: -oT^ f>n.tii^^B^<7)m.mmmi}<9 o p p m 

»t. '¥-<0±fcmi<0^i:m2omffi*^tt3t. 300 

[ 0 0 1 2 ] m 1 (Ti^mnr^ -\r^yvm9vm.%^m^ 
•V* >- ^^m^S^^'f- 1 0 (4 , R F|a:7-5 XV c V D 

mi,zii'>xntzy-i^r=^>\^^^Bi it. ^<^mt:A(. 

12t. UimSM^mm l 2±lc:?^«L7tSI 1 1 9 



1 9 l*>J:l/|g2C0lt€il 9 2*4. rJ^'f -V^ y K t <7)gf 
«145:SiFfc-rS7t:4^)tc^ffi^JS (^kSR^^) 1 2 
±lCiSft?t^'oA (Cr) ^1 93i:, Z<7)±tzm&^ 
titz^ (Au) ® 1 94i:*>f>1i^$ix-|>. 
[0013] ±Mi^^ K*Sa 1 1 <4, t U T'-r >' 

(Mo) »^±{c:, :7'7Xv4'£^S^«Jg*JM^lS^ 

xmm!w.'f-mitx'2 o o p p mjaT-c*s r Fia^-^x 

vCVD&l:J;r>r-&«§<x, «Sa*e^M*jftK*i 9 O 

P p mOT-C$>«. C V D r-f -^^r V KSS^ai: UT#«$ 
ixS. $^>t:J^W-\'^:i^h'^^l K4, M^T-c7)CL>5. 

T-^D, - 1 9 0'CT'^OCL;:^^^' h;WC*iV^T 
e^S^^^co^^3t5Bttc:*f t-S ^mt*^ 0 . 2 <g 
13Lt(Ot^^BX'$>h. 

[ 0 0 1 4 ] S7 izijk-^^^ Ymmmm^f- 1 

0J4, 3 0Qinrn}PXY<7m^mzii\^X^^mm=¥^ 

mm^nm-^^t>^^m^x'$y hr^\=^y Ym^m^ 
[ 0 0 1 5 ] 08 tfZT^-ry-^ y }^mm^m'7- 1 

0J4. ^JE^-^-V'^ri^Hife^l 7iD^Btcv-f ^aa^:7- 
9X-7^-&^ (MW-CVD) ^T'J:e:?=3f£^^;P« 

^ 1 Oti, ^SfEr-f^^i^Hfefal 7co^B(=J^^L3">: 

-^^ >- 1 3 1 , ^(omm^THmmmm l 
^mmm i 2 jiicjg^ t-^tm 1 (r>mm 1 9 1 1 . m 2 o 

«flEl 9 2i:3&><J>*i^Six^.. mi<omfiil 9 IJSJ;!^ 
m2<0S«il 9 2J4, :J^'f-\'^r>'Hi;c7)^'l4$-^jfft 
-r«.?ti6{c:«^e#»l 2±lc:^(t^c^'oA (Cr) « 
1 9 3 i: , i<7)Jil=Jg|R§<xrc^ ( Au) S 1 9 4 

[0016] Jjar^ ^^>'Hm^H^a 1 3J4. 1 b { 1 
0 0 > ^£E:J^-<-\r^::^HiSai 7<oaStC. r^X-^tfJ 
<0SSIiiiS*«S^M^®:/^lS^»JtT2 0 0 p p m 
iHTTh^MW-CVDmiZX-oX-^^^tl^ ^a^jo 
^SjSS*« 9 O p p m JJilTTJ> S C V D :}^>f >- Hfe 
SfcUTf^SttS. S^>tcr-f-\r*>'H*«gSl 3 
»4. MiaT-cOCLX'<.^ h;Wcfcv->Taii!je^^S*S-& 

mti^n^iis>m&x't> •? . - 1 9 o'crcoc 

[0017] 08 tcrs^-r^'f -V* y H^i'l-Sl^Bt^^ 1 
0t4, 3 O 0 n miaTOa^g^tCfeV^T e^rae^lfiS 

2m\^xuzt'\'\ m^iixtzxommLx^-rhsm 
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[00 18] ia9tc^^r>f "\'^>'K^^hSa^7fe^^l 

co±izm^Ltim 1 (^mm 1 9 1 h . m2comM 1 9 2 
m^mmm (ykmm^m) 1 2±(,zmftz^^M. (c 

r)jll9 3i:. ClcOJitZ^^Sfi:^^ ( Au ) /g 1 9 4 

[ 0 0 1 9 ] :^^>f i^mm^m'f^ i o ^m^-r 
hTt^^ymmny^ ^^>^}^^m^Bmi 4it^ i b { i o 
0 ) m]£y^^^y}^^^^Bl Kommi^z^ y^x-^^a^ 
mmkWfismm^mLxmmmi^^x 2 o o p p mj.:Ji 

TXhhMW-OVDm^Zi.^X'^^^tl. SfH^^^M 
^Hl4(i:. SiaT'COCL;^^^ h;Uc:fec^T S Allies 

[0020] msifZff^^y^ ^"^yvm^mwtsm^ 1 

o«i. 3 0 0 nm\:JT(r>mM:m\iZi6\^x S^iSe^Si^ 

[0021] ia7-'^9(C^L7t:m5r^r^^^>f 
iST-fiia^T^V^e iSl^^Sig^^ ( 2 3 5 n m ) ^ 

%h:i}itf^x^xi5^. ^s^mwmm^mm^kzx^ 

^ {238nm) «fflM"C*5rVv 
[0022] *aiiaAtc:i:-g,!|tB^l 1-84 1 

8 9^(7^m}^m:M&^±^^h^mx^hnm^ 1 1 - 

192 553-^oa5l@(KjlT. SS2<:oaiSi: V^d ) t::. 

±.iizy^^^>Ym&f)^h^j:^i^m'km.mz. mis 

( Metal -Insulator-Semiconductor , '^Wi—t&Wi^—^ 

mm ^-f:t-H«jg2:wr^r>f^^vH^5'hs^ 

«SSaAtcJ:-:>T^i:^a*®^^c7)Sfe'^Bt(c2 

[00231 dcJOM I s V Ymvm.^^m^<^ 



Sii) 13 2:SSL. CltfOSmcOiTMffit^mfiil 9 

1. l9 2^iS{tT^i«$ttl>. 

[0024] 7t^^S8^jDi5^*>f > KJSb^b 1 5(i. 

nsm^zx->xnrz. mmmMifimmi^^itmzxh 

^&X0. 1 PPmJaT^^-^^^VK^B^HT-^-i). 
[002 5] *I^PCVDi5^>fA'^VHiSai 3(i:. ;^ 
^maajar^f^^v-KieSi 5co^Mt::. :r^>C'74»^o 
^SM^;^^^M^ifc(C*hr^ JtT-2 0 0 p p ml.:lT 
C7)MW- C VDStC J: Jitr^J^^^ri^-v/I^^^gtc J: 0# 
7"^. ^H^B4'£7)S«i8S**9 0ppmJ3lTO:$^-f A'^VF 

[00 26] 01 O^C^U:^cMI S >^ Kjg^^HK 
SBl^S^l Oii. 3 0 0 nmJ.:JlTc7)giigiSTii«ii6T^ 

23 5nm. SJtf-:?^ (:7:ry>^^f>f bVN:>^b') 

4 2nm) ^ 

[ 0 0 2 7 ] lai 1 tc^^M I sr-f A^^^ H^^hia^ 
3K^^i o(i. mmmi:^\^m\^xnK.'^^m^zx-yx 
ntii^briy^^-^^yYi^^uiicoiM^z. mw-cv 

^VH^^il (^iS) 1 3^iStt. ^f*:ai 2t1& 

mm 1 3±tc^ix^ixmfii 19 1. 19 2 iimnxm^ 

[0 0 2 8] ^I^D^-f-^^-^^H^^Bl 3<i. ^^igjg 
*^^m®^Sc i: ^jS^c^OJtT' 2 0 0 P P mUTFcoy 
^Xv«tiT'MW-C VDgtec J: oT^^^n^ • 

[0 0 2 9] ai ItC^-TMI Si$r^^:^i^Ym\'1^^ 

^m^i o(i. 01 otc^-TM I sy-i^^^Ymm 
1 0 3 0 0 n mWF(rm^f&x\tm 

^x^^^^mm&x\.zxh^}Mmm^Mm^^tft (^e- 

«:^24 2nm) tfi^hixh. 

[0 0 3 0] m2C0^imcr>m I S i5^>f V H^^^f.^^ 
3t^^ 1 0 (i. tefB4'C0SS?8JK?&^9 0 P p mfeiTO^ 
^DC VD :r>r^t V 1 3 LTV^S . 

[003 1 ] ^r>f'V^>^K^si 2. ^iiif. y^^^ 

$ "ii: ^ i^S ^BES ^ J: o T $ ^ , 
[0032] ^i^tC. 2fs:aiMA<7):^S^ 1 1-1925 

5 4-^c7)£tjs (laT. m3<5^aiiihv^d) (c. y^^^ 
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[0033] $ <i>{c, *ai^A<7)*$^^ 11-1925 

[0034] c<7)pnm^r-^:^—\^mmy-i^'e^^}^ 

mi 2 tc^-r J: otz. p n^-^r^f Kffiity-f -Y-^ 
^'K^i'hiKSI*^^ 1 Oti. ^'>^a5iDi«£E:r'f-V*>' 
Ki^S ( pM^«sfl ) 1 5 C0±ffilc y ^'Jfetra^^-Y 
VHiS a (nMi»^^#:«) 1 6 2:igft> C:<OW;i#:<7)Jb 
TMffitcHflEl 9 1, 19 2 S-^ttJtflUi^^tTVi 

[ 0 O 3 5 ] S 1 2 fcl^p nS^r^f Jj-- VlrmiSr^ 

^al^ffi&^=J;-5•c^§/iteStf toJi-v-^^aE^^i o o p p 

mi5tV. iSpM^t^flsSl 5CO^ffitCMW-C VD 
-V'^ Htea*»i5^:S nM^|t#«sS 1 6 S-Jg^L, -f-tt 
ail 9 1 t^l 9 2i:35i»^<Sf£§^t. iSr>( ^=e> YHZ 

wm<^mmmm^mm^^Tf>h 235 nm<7^^^'Hla 
[0036] zti(^<o:$^^ -^^yvm^Wi^m^it. 

[ 0 0 3 7 lie 3 «?5aili<^:r >f FfliJt^'f Ar^ > H 

^h^^^^Ji, r'f-V^:>h'^fB*^^>5rSpM4^ 

8KaEA^%3fe>?.'^:J' h;U0»[«3 0 0 n m^T^OffliStCtJ 
m<0^dlt(r)mitZlt^X . :!^^<bi>2{SiiU:zh:^\,^Z 

[0 0 38] ^i^lZ. -hie^-f JT-Hliig^'f-^f^rVK 



[ 0 0 3 9 ] t ;t , ±ie n M^'^f >- h'jg^Bti, ^ffi 

[004 0] $<;>(c, ±ieps^tsf*cr'f-v^:>'HSH^ 
<r>Ti^'ymmmtin o b p p mjaTtc«iffli$<xTv^^. ± 

[0041 ] ±ier-f :t-F1fJt^^-v^:>'^' 
[0042] JilBr-f ¥mm^^ H^^'hilgfg 

[0043] jiiar^ Ji-- F^jtr^ -v^v vmfmmi 

3t^-?«4, j^iaiSBE&T-^^$iX7^cpM^«s^>f^^ 

^{±. y^^=^>'¥mm±.i,zm\<r>nm-^^^^^^> 

H^aSrlStt, $'c.{c:-ecoJitc|g2<7)^ffl-^fK:?'>f-\'* 

« n m^w-r-( > HiBS-cs> 0 , Jifem 2 corns 

t ^ ^<7) n >- H^^B t {4 P M 

^fty-^ >- Ktea-C* .g. . Ig 2 C05vffl-^^:J^^ ^ 
V H^{4 , m 1 «0»ffl-&«r-f >' H JS±{Ciim 

> Ymmm^'fit . m 1 <7>fsjs-^^y^ ^'^^vm 

[004 5] 
[0046] 

^fWi*J it^rT-f -V^ nS^»:JB&Sft3tp n 

m-^wm^^-t^ 3 0 0 n mmT<oa^;^i^(=*iv>TStg 

aAtc J: 4^(c*Jft «. e*lie^^lfS-&%3tt-^'5S 
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[00471 ii*^2«o^Bji<±, m^m i <r>^mmt,z 
[0048] immsco^mii. m^m i ^tii±m^m 

[0049] |»^^4 <7)3%Hfl{i:, If 3 cO^^gtC 

ijUKS: 1 0 0 p p miaTi: L/^. 
[0050] ifi^Jl5<0|R|aj{i, mW-^^jStcJ: oT# 
ti>tlfz^^^B^cr)mmmmi)^9 O p p miJtTTfc 0 3 0 0 

TJ:0SSC:Scom^2<5«te$:2ftaj-ri.Sbt«5fc5rfil4.'C^ 

[005 1] m^^^<r>mmt, y-i^^y\^i^^i}^t> 

«OS«J8JK36*9 0 p p mlJlT«0:J^>f -\r^ V Ym^ii^htc 
htm.M'kW.'rfzU I S^^Srqg-r-S. 3 0 0 nm^TO 

[0052] m^^iommt. if«« 1 5rv^ 

[0053] »^:«8<^%Bfl{i. 1 =5:V^ L-Mf^JB 

7cOV^-ril*H:0fg5iaiS{Cl3V^T, ®3fc#«r. Y2 0 3 
T'f^^$n^S!^t-^ y h l> A^«#:tc 3tt<?)E u Sr^t 
f+SL>iS3t«f*», Ca5 (P04) 3 (F. CI) Tft 
^Sir-S. U >'KXr/Pi/">A|RfMlct:3tt«os b t 2flff<!0 
MnS-J^<+?£L/v:S3t#:*V (Sr. Mg) 3 (P04) 

[0054] ss^m9<^^m. sS^m i 

[0055] if^Ji 1 oco^Bfii±^ smm9cr>meMm 

[0056] li^Ji 1 1 co^mu. mmm9<7)^mm. 
tc*jv >T . y-( > Ymmm(M=f-^ 2 -^atrnztsi 

[0057] 1 2(r>mM{i. mmm9<r)^mm. 



hmm^i 2}!K.fcmzm.-^rzm^m.imx.tz, 

[0 0 58] ii3<«l 3iO^Hfl<±. r-f^^rVFpM* 

mi^maxx/y-i -v^: >- h nM^®^<s;i$rKtt^c p 

•^^jt^^-rS 3 0 0 nmJilTcO^^^l^tCiJV^-cmcga 

[0059] 1 A<r)wm. mim 1 3co3e^e^ 

5- , 'J i'* ?tJ4-f :t»> S^aSBD L/C >' Htefii: L 
[0060] ffi^JS 1 5C0^B«(4. if^JS 1 3 ±tc\m 

^m. 1 4 <o3e^ffi#ie^/if ^iiactj V ^-c . p 

[0061] if*Jl 1 60l6Bfl(i:, if^:^ 1 Sffiiimfi 

mmtm/'m±mmzii\.^x . li-^-^wmiy^^'i^yv 

t^^comik'¥<7)-ii-^'^mm^i 1 0 0 p p mmTt U/w. 
[0062] 1 7 iOjgHjJi , flffi-^^atc J: -,-c 

#^><X/>:^arf O^^iiUg*^ 9 0 P P mlJtTT'3b 0 3 0 

0 nm\!iT<r>mMmt,zii\\xmm&x<iZiih^mzii\,'r 

Si 0 2mm:j^^^^y^^r=^y¥m^m^^=¥-im 
y'^x^mfimmm/^^mm.^m^ vtz. 
[0063] mmmiscr>%mt. y^^^^y^mm^ 

. t>^j:i>^wm±.izm&^^m\,zX':.x^^^^rd^^u 
*^<n^smm¥9 0 p p miHT<r>y^ -v^ey hs^b*>4> 

^•Sffi^SrSttJtM I smm^^-th 3 0 0 nmOT 

vx±zk^^^y^M'^yYm^vim^=f-^m^^x^(^ 
[0064] awsjsi 9<7mmi. mmm\ b^tv^uib 

^JS 1 8^ov^•m*^^e^Mffi^iB^/W*5IS^::^J^^ 
[0065] lt*JS2 0<^5|Bj{j:^ It^JSl 3^V^LW 

[00 66] if^2 liO^H^Ji. it^l 3^:l,^tlf 

««2 0<?)v^-rh.*H0v^-m*»<^)3l5^WHB«iBiS/1i^ 

100 67] it^2 209%Hfl{±. y-^-\'^>Ypm¥^ 

mi^maxt/y^'v^yY: nm^m^m^miftzp nm 

■^mm$:^-ti> 3 0 0 n miaT^O&:^J«tcl3V^T«8iaE 
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c 0 0 6 a 1 m^m2 3ff^^mi. tm^ 2 2<^mmm 

MtctJ V ±ie n S^-f -^^ >- H^^S- , fz Ji'f 

[0069] m^m. 2 4 (7)1^8^*4, if 2 2 il/ciiif 

iSaS:. ^i-^^m^m\iV■rzy^^r=^>'¥m^tLtz. 
[0070] 2 5 cowm, if 2 4 tcia^tfo 

«f 0*'>SmSSr 1 0 0 p p m^Ti: \^fz. 
[007 1] if^JS2 6c7)^HJJ4, J: oT 

f#4>ix;t^a4'<^MI^lllS**9 O p p mJilTT'S) 0 3 0 
0 nmWTc7)?S*i^tCfcV^T«cS[aA(C J: ■S.^tCfctt 

Si 0 2fgJiLh:*:t' v%^-f v H^J-hSS^S^ Srffl 

[0072] if ^^2 7<7)m8<4. > 
^> ^ S if^f*® Ji t^^^Stc J: -5 T fKi^ $ -ti-f^ ifeS 
+c0^^iiiK7!/»' 9 0 p p maT<r>y^ > H^S*^^> 

[00 7 3] m^m28co^mii. m^m2 2^^^vm 

[0 0 74] m^m29cr)^Bm. if*3S2 25rULti 

[00 7 5] if*Jg3 0cO%Bj«4. ^^-f-^^VKpM^ 
J: -^"^ > K n ^^f>|s® *^»t>t: P n« 
■&fl|jlt?rW^S 3 0 0 nmmT<rm^mz:h\<-^X^^ 

*iflfi<0^t^-i?^<i: 0 2iS]2Ltsktf V^r^ ;t- HIS 
^-SiiilMSr «fig Lfz . 

[0076] i9^^3 1 <^mi. mmms ocoTt-w 

[00771 it*JS3 2<7mmi. m^ms o^tzim 

^3 ico:^Y>'mmm.i,zt5\,^x, pm^^i^^y-c^ 

^>-h'^SS:. 4-^^mi:m\iLfzy-^^r^>^]^m&tL 
tz, 

[0078] fi*31 3 3 0%HH(±, If^Jl 3 2 cO^J-y ^ 
fefl4'<?5d?'>^jg$- 1 0 0 p p mJJlTi: L/i. 



[0079] fS3J3B3 4<7)5^B^«4, ^ffl-^fiSi^tCj; oT 

%hixfzt^^<P<r>m.mmmi^9 o p p mUTT-^ o 3 o 
Wtm^'\mi:mtx:^v>mmmm.im^vfz, 

[0080] 3 5 <7)||BJ{i: , r?'-^ -V^ >- h'iSB^** 

4'COM5giSJS*^9 O p p m&.T<oy^ KSSB^B*»f> 
=a:Siffii^«5ri£ttJtM I SIS^Sr^Tt-^ 3 0 0 nmJilT 

<7:jm^mi,zt3\>^xm^mx(,zii>mttzi3H-hmAm& 

imtx:^Y>mmmmt:m^Lrz. 

[0 08 1 ] mtmsec^^^ma. if^:s3 o^^^uif 

^3 5CDl->-m*^05j-V:^^^atC*JV^-C, ^'f-Y' 

[0082] 7<o^m\i. ytitmKmmm^. 

f*:MSriSftJt P ngf-^^Srig-r 3 0 0 n mOTO^ 

[0083] ff^^3 8cO^HJ<4. if^JS3 7<5D3t-fli^. 

[0084] ff«^3 9cnWimt. tS*J53 7 *;^{i:if 
3 8c03t-fti^RjiBilStC*iV>T . ilfip M^#::J^ 

[0085] iS^4 Off)^f&X. 9<r>mc^ 

^H^a't'iO^'^SIitgS- 1 0 0 p P mUTi: t/::. 
[0086] ^^4 1 <r^m,i.. mffl^«^t= i 
#<5>iut*ga»f OS«»K3&« 9 0 p p mmTT-ft 0 3 0 
0 n mOTiO^^JStcfcv^TSsgaAtc: i ^ f63ttc*ift 

[0087] i«^4 2<ommii. ^it^Rfmmi:. 

'yX&^^itfzm^g^c0^mmmi}''9 O p p m^Tcoy 

3 0 0 n miaT<0«[:g^lC*iV^TftgS[aAtC J: S% 

ft -I. a b-- J? ^;g*>ffi<7)^ 

f - J: 0 2 mJi^# ^y'< A-t V H ^^h^SBt 

m'f^'tmtxmm.Lfz. 
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10 0 8 81 m^m4 3<ommi. m<m37^\,^Lm 

[0089] m^m4 4 commi. 1$''^ -^^ F P 

mi^miiJ:x/y-i -v^ v h n m^mi^^m srigttTt p n fg 

-&^j§5rW-r^ 3 0 0 nmmTo^:glS^c:fcv^T«^jS^i 
Ate J; ^fBttC*5ft^ i*S!j^-?SJS-^^3th--:?'5$JK 
*ifl&c7)^b-^^;gj; •:) 2 ^liUi:*;^ v^^^ Kit 

txr-f -^-^^ K nM^f*:SSr^<t^v:p ngf-^flUtSr^ 
t-s 3 0 0 n maTcoi&M:mzii\^xmm.mXI,Zj: 

C 0 0 9 0 1 »^3I4 5cO^BJ{±, m<m4 AcTit/tit^ 

[0091] mw^A eco%m\t. m^m4 4 ^fzt.m 

[0092] if ^^4 7<0f6Bfl<4. imT^4 Sco^it'^ 
4>tfO*'>^mKS: 1 0 0 p p miilTt Lfz, 

[0093] ^^4 8<7)^mi. "^^vYm^m. 

9 0 P P m\>XVX'^ 0 3 0 O n m\:Xf<rmMmz 

't'tfOM^Ig^g^^g 0 p p rntJlTT-^) D 3 O 0 n mUiT<0 

[0094] mi^4 9 <0f6H^»±. rJ^'f -Ir* >- 

^<rm.WSi^ 9 0 p p inl;iT<7)^^'f -V^: :^ Y^^ii^h 
^rSaSyi^lftft^M I Sfi|Ji$-*t-S 3 0 0 nmiaT 

(^MMmztiWxnm&Xl.zi. S^lctJft-l. 
^S^^5bte-^'5fig*-'flllco^e-:?®iSJ: 0 2^g 
iSLt:*: # V ^rt >- HSSIi'h^fBKSg^ J3 J: Xf^m t. ti 
<4II5 1> L < :7 y mmm^ ^'rf t ^ ^i'l-^iSjiil* 



<5^M^ilUg*''9 0 p p mJiiTfOrJ^-f H^^H*^f>^ 
■g.i^/i$riS<t:^cM I S<«it?r^r-r& 3 0 0 n mlJiTcO 

^x.x%\mmMm.t:mm, . 

[0095] ft^Jl5 0<rmmi. m^^4 4 tc^^YM 
[0096] 

^&iiitf5ai6ico(D, ®, Hiiia^2<7)jiiigto<3)^ 

3coaiPc^®OTieiO«^$-*-r2> soon mJ3lT<^»r 

[0097] <I>^S4'OM^«]K*^9 0 P p mmT^O^ 
[0098] <Z^^^^<r>^WSmM9 0 p p mJiJlT<7)* 

[0099] o^'^^ai^D^'f -V* > Ym^<^mm^z^ 

^^<r>^W^if9 0 p p mJJlTcO^ffl-a-^r'f >- 

[0 100] ®yA'>^=^i^Y^w^wmhy'i'^=^> 
[0101] 3i=^H3coii 1 <rm&<^mzii-ii-h ^ 

2 0<0«3t^StHWSKaBfffiM 
[0 1 0 2] %5e^^2 0»4, ±^L7t^-Y-\r*>'HSI 

^m^^^h^^mmT-ix-Wi^^. ^^tvkm^j: 

«ai§2 2TaiILT, »*:2 5{C-<<c^tLTffl«$n 
* . rJ^'f h-aii'J-SS563Kig^ 1 0 — *<?3®Bi*« 
5a$SBW2 3lc3d^$fxi.i:i:i,(cmme<Jt~^^$fL, 
fliJ^r<omfii*'''-K>'x i'^V -V 2 6 -e K — K 2 4 
m^iXh. 3ma5«2 3i:y-K24cOPgSJi:, S«c2 
5S:ajiLTf|[»#:2 5tcllI^§nt:v>S. 
[0103] m.^mMP,7. 1 {4. ^i'l^Sr^JR tT^ 
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titm-it-^ -v h 'J ^yj^^^hm^iiZ 3 m<oE u sr^tf^vs Ltz 

mm^iJK Ca5 (P04) 3 (F, C 1 ) fft^Six 

■5. U /t-v- A^^^tctc 3fffi<7)S b i: 2{fficr)M n Sr 
^•f'tvS t7t:S:3t#:*^ (Sr. Mg) 3 (P04) 2-e 
ft^$ ix-g. y i'KX h o >'^'> t L < {i U 

1 0 ti^itth 2 3 5 n m<?5SIJ'l4a*S»<i: < 

[0 104] S^SP«2 3{4. T;US-'>A:S:if<7)^« 
ft#^?rfflV^T^^$ix. ±gB^C^^'f■|g^3t*^ 1 Oi& 
^Bf-&J;dlc1t^$ixTV->S. 3atg?«2 3coJigpt=: 

10 10 5] :L^m^(r>. mm'^2o^i. y^^^y 

fc: J: r . wm^xizi s e sjaa^^s^-^^T-^:^ 
2 3 5 nmcom^m^^-t^, z(7)mfmi±. 
mtm 2 1 tcgsw snc: i -c^w/ttz^m^ tix . mm 
<mm2 2im&vximizmt^ti^ . 
[0106] ^m^2 oii^ 5BtS9^«oi^v>ma[aEA 

[0107] jS;R^®1ir^2 1 i: L-C«iE^&S3t#:i: 

2»:5fe5r2S:ai-fSS^^ffl«'^ac:i:*5f&S. 

W*€l. ISfe^s S€ia^02<JOKS:2a:{ii-r-&^ 
m^20^. 3€i*jt(42^&«,L<«*{*-Cvhy ^'X 

[0108102 SrfflV^Tm 1 <?>^<7)?gai<OIS2 tOU 

mm\,zti^ti^i,^mm.3o<r)mm.t:mm't^. ^ico^ 

S3 O iJ^^f ^rt ^ K^h«l%3fc3R^ 1 O Sr^aiBH 

Ltzmiis.3 2iA'=7^m3imz-^m^\^xm^^ix 

<7)S3K«c*±«*i:-r&«:g^Ji*f?J2 \tm?f5^1XX 

:icr>mM^mtm2n±^ *^<^p^m.i,zmfi'rtu,f: 
ii^^<nx\ m.^hmm<r>mi:mirt^^iii3ix'^. m 
u)K4: i.xmm-i>z.}itfix'^h, a«3 2{4, rui' 

[0 1091 w<Oi3^rfill£c7)|%3|^S3 0«. ^^-fA* 



j:<fi3tL. :L<^>mvi&tiim.^imm2ii,z'mL^tt 
x-^m%iz^^tt. if^x'§3 it^e^^vmzsm^fi 

[0110] z<7y^m<r>m(mmi3 oja. y-^-v^v 

K^^-h^^*^^ 1 0 ^tm. ( 1 )!K7m) fciesLT^c. 

* >- H^i'hSl«3t^^^ 1 0 ^KM VtzW^ 3 2^. I^S 

t-«[T^^«^2 1 ^m^i,fzmmfm.ifi^¥mffi*s\^ 

ffi2rafe:^J^^2 1 i:m;f5VtzW-W^cr>timX'W.'y 

[0111] lass-fflv^T, :i^m^<r>mi<r)mM(r)mm 

com 3 co|iifi0a{c*^*»^ :x F^i'hS^^^^ 1 

0Srfflv%7tll7i^K3 5eofii5t$:ittB8^S. 03(4. ^ 
3K^a3 5co«JtS::^5^«(c^^-rBr®iaT'$>l.. ico^ 

m^mtLxm^-^hct-f}<x'^i>^!y^Mmx$>t. 
(o^s^m 3 5 {4 , mm 3 2 ±i=isiccor-< ^^>]^m 
9m^^^ 1 o h 'J ^y(.mzmML. ^tt^'tieo 

miz^ m^3^iij:t/'^-^}i^x/mB^cr)2}xyei,zmm 

^■ri.S5^3 7R. 3 7B. 3 7 GSrV h U 
lzmSLtcm^m^^R3 7 ^, S^SP«3 6 ir-frVX 

&M:<7)2<xmz^LX . yfr'^—'f ^ x-ru>( immL 

[01121 -mt LX. #fe5K®5t«:3 7 Ri: LTJ4 
Y203 : Eu3+, «f6mS3e«:3 7 B i: LT{4MgW 
04. life^S3tf4s3 7Gi:UTJ4LaP04 : Ce3 

+, Tb3+t:mm.mizm^'^^ztizX'>x. WMcofi 

[01131 KUi<7)J: ^(c. :J^^-\'*>'H^iWa5B3teai 

^srfflv^;tBgH3^B{4, mkcomymizimLx . ^ 

[01141 JiUitciKH3U7^cfBt5IM{4, ^-f ^-H 
^^'hiaSBtSg-^i: LX . -V^r >- H pM^flsJltJ J: 

■t^3 0 0 nmi:AT(r>m^mizii\,^xm^iiXizx^^ 
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1 0 0 p p mmTT-J)^ Jf- Hi^itrJ^^ -^T 

^ > Y^^\-mmm'f-^m\^h:L t t^x-^ i, . 
[0115] ^ (:>i,zy:xti,zmmi^tz^mw.i. 

*I/cSSf84'<0M^ilUK*i9 0 p p mmTTJ) 0 3 0 0 n 
0 2mXh3^#V^^-<-\'^VH^f«l63t^^. ^'f^ 

^S-frjti^Stf i7)MSiitS*^' 9 0 p p m^Xf(r)y-i 

0 0 n mlJtT<59»;^i^l:tiV>Tm8iEaAt-J: S^BKt-tJ 

[0 1161 ^4SrfflV^T. ^^M<7>m2<om^(7>mM 
fc:*»*»*liSS^:J^'f-\r^ >- H^I4l563e^^ 1 0 S-ffl 

( A ) <i±f ey-f >- KSIi'hM5?63K^^ 1 0 S-ffl I 
3te^ffif8S^B4 Oia^J-WfiimiOStSfS^gJBBf 

D-x^H-CS)"), 134 (B) t±Jiiar-f-^^:>'K^i'h^ 

( 0 1 1 7 ] 04 ( A ) (c^R-r i 0 tc, ^wmmi 
m^izi.'>xmrvmi^^mti>tKmmA ih. 235 

iX7t:1f«tc«-:?V^T^iift^S:^-ri.fi#^S4 3 

[O 1 1 8] 3K^W-:^X4 2{i, 7 y^M 

fli«0^-=S:< tiil mi^^t-Th 2 3 5 n mtfOSIi'l^ 

[ o 1 1 9 3 r>f Ym9m^m=f- 1 o x-^^^ 

txJiM^23 5 nnicOX'^:?' Yj\^^SmX't>hm9m 

m^tt^ mmi,zummA 9 1 ^^-r^mmmi^A 9cr>m 

^<OfiJ:SlC3t^U>-X4 2Tft3te§*lTf»ffi*iiEII$:h. 
^tlt^ntsmm^A 9<J5«Mii4 9 1 i: UTti. SI 

1 0 1. 2 0 1 feiiiifk4 9i±, *ffi^ie»««s ( m 

O) . U-^y'^^i^ (LD) . x-f i^'^-^Pb'xPl-x-f 
X:? (DVD) , h-r (CD) , CD- 



[0121] -yo. y^^^>'Ymmm^m'?-i o& 

3 tc , r-^ -V^ >- K^i'h^^Ttlg^ 1 0 i: , b'- 

ll x:5'51i:. 235 nm<^S§J'|.||c7)^^COi^v-i3t^ 

[ o 1 2 2 ] -v^: > Ym^m^m'f- 1 o -c^§ 

<x:tai[«2 3 5 nmcox^j!' h/U*«3tffiWC*i.^MR 
t'-AX7'i;-y:$'5 lSr^iLT3lS^^>'X5 2T' 
IB^^S^#:4 9<7)a®<OBf^<7>{afitcm5t§ttTffi#82:M 
^IXO , RItifettb'— AXrU -y 5 1 TSM^tlXiKi 
■i::>^5 3l,zmf>tlt. ^-b>-1f5 3T-fi. ieiliSE«s4 
9 <^®*» ^>^$ ix/vTRSt^eSr LTti 
li«54S:«*UT. 0^L.=5:V'>Si«»A.tfJ:*j-r-S. t' 
-Axru y li' 5 1 <0KI*iaffi«ryi'5— '^^ScoRftf 

[0123] ±iiy^ > H^i'hlil^^t^^ 1 O Srffl 

5 0 (it^e^jfs^ifiii/s^iia) (i, ffie3ftio8^;K4 2 

5nmc7)WfeSHG (1^2^^^) ^tjlfcJtKLT , ^ 
>f-V*VKSI^'HgfBK^^l 0*^^>|^$^^«.SI^'Ha*^ 
23 5nmtMV^cOT-, ia^PSie^fc-TS C: i:**-C# 

mnmtscoDVD (m^e 3 5 nm) x-m. 
mi 2 0mmco2mmmMSM^ -! :^^^m^'>t:t^iz 
i5G/-<^ himv^hcoizMLx^ ci<7mmx-u 

4 9GJ^-( him-thZbifiX'^^ 3. 3fig<0^?&JSE 
[0124] l^LhtCittHBL^r-f •Y^> Ymi'mmiM 

M (3K^fffBieii/Sf^g) :J^^-V'^:VHSIH 

3 0 0 nm&iT(0^^miZ)3\,^XmMii?si,Zj:^^l,Z 
:t »> SraSSn L7t -^^ >- KSSTft * rJ^-f Jj"- 

Ymmy^ a-* v h-^i'i-^^^Bt^^ , ±ie p 

sE^^^mmMy^'v=t>'Yi^^i)K ^^'pco^i-.^mmm 
1 0 0 p p mvxTX'hhy^ jj-- Ymmv^ y Y 
mm^m=i-^m\^hzbifx-%h, 

[0125] $ f>l2. lJUi{:iiMB^ L/cr-f ^^rV HSIJ-h 
/i^S4'<?5M^iiUK** 9 0 p p m tlTT-ft 0 3 0 0 n m 
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^•^^^oSS^H+cO^^iSJKA-'Q 0 P p mlilTc7)^'-f -^"^ V 
h'iSS*><i^l.ffi^iiSrlS(t?'cM I S«jS^:^f 3 0 
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